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Exposure factors based on the Korean population are required for making appropriate risk assessment. It is expected that handbooks for 
exposure factors will be applied in many fields, as well as by health department risk assessors. The present article describes the develop- 
ment of an exposure factors handbook that specifically focuses on human activities in situations involving the possible risk of exposure 
to environmental contaminants. We define majour exposure factors that represent behavioral patterns for risk assessment, including 
time spent on routine activities, in different places, on using transportation, and engaged in activities related to water contact including 
swimming, bathing and washing. Duration of residence and employment are also defined. National survey data were used to identify 
recommended levels of exposure factors in terms of time spent on routine activities and period of residence and employment. An online 
survey was conducted with 2073 subjects who were selected using a stratified random sampling method in order to develop a list of ex- 
posure factors for the time spent in different places and in performing water-related activities. We provide the statistical distribution of 
the variables, and report reference levels of average exposure based on the reliable data in our exposure factors handbook. 
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INTRODUCTION 

Exposure to contaminants varies according to the frequency 
and time of exposure in addition to the concentration of the 
contaminant. Activity exposure factors, therefore, play an es- 
sential role in identifying the exposure dose in a population. 
The frequency and time of exposure depend on the activity 
patterns of individuals and the time they spend in the activity 
environment [1]. In exposure evaluations of contaminants in 
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large populations, an indirect approach applying mathemati- 
cal models is typically used, as an actual measurement is often 
technologically and financially unfeasible [2-4]. Data on the 
activity patterns of the subject population are essential for 
conducting an indirect evaluation based on such models [4]. 
These data on activity patterns include what activities are 
closely related to the exposure being studied, as well as infor- 
mation about the time required to carry out an activity, and 
places where the activity is performed [5-7]. Since activity pat- 
terns vary by age, residential area, and occupation, it is neces- 
sary to examine differences in terms of demographic charac- 
teristics to reduce the uncertainty of an exposure assessment 
[4,8,9]. The major variables related to the activity patterns for 
exposure assessment include the time required for each activ- 
ity, the time spent on routine activities, places, transportation 
and duration of contact with water, such as washing the face, 
showering, bathing, and swimming, as well as occupational 
and population mobility. Even when the residential environ- 
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ment is the same, exposure to contaminants can vary accord- 
ing to the ratio between indoor and outdoor activities. When 
individuals use any means of transportation, their exposure to 
contaminants emitted from that mode of transportation and 
the roads increases. Thus, information about the time they 
spend in proximity to that mode of transportation and location 
would be important for assessing exposure. 

People engage in activities during which their skin makes 
contact with contaminants in water during daily life; examples 
include face and hand washing, showering, bathing, and swim- 
ming. Contaminants in the water are absorbed into the body 
through the skin during such activities, or through evaporation 
and inhalation. Thus, in exposure assessment, it is important 
to assess the exposure patterns and duration of contact with 
water, depending on the specific contaminant in question. 

Population mobility refers to the average period of residen- 
cy between the time a person moves into a house located in a 
certain area and the time he or she moves out. The average 
period of residency can serve as the average duration of expo- 
sure to contaminants among people in a certain area. Occupa- 
tional mobility refers to the period of continuous employment 
at an establishment, and thus can serve as the duration of ex- 
posure to contaminants at that establishment. 

The purpose of this review is to provide an account of the 
research-based processes underlying the 2007 project to de- 
velop the Korean Exposure Factors Handbook. The review de- 
scribes the steps taken to determine the most accurate meth- 
od of calculating the recommended (or reference) levels of ex- 
posure factors for Koreans. Levels of exposure factors are ex- 
amined in relation to the time respondents spent in certain 
activities. The specific exposure factors and the recommended 
(or reference) levels calculated for Koreans reviewed herein were 
as follows: 1 ) duration required for each activity, time spent on 
routine activities, in different places, and in using transporta- 
tion; 2) duration of contact with water (i.e., washing the face, 
showering, bathing, and swimming); and 3) occupational and 
population mobility. 

DEVELOPMENT PROCESS 

Time Spent on Routine Activities 

This study recategorized and reanalyzed data collected from 
27 081 adults aged 1 8 and older as part of the 2004 Time Use 
Survey. This survey was conducted by this survey was conduct- 
ed by the Korean National Statistical Office to calculate people's 



time spent on various activities. The National Statistical Office 
sampled people ages 10 and older who resided in the nation 
during the Time Use Survey. The respondents entered infor- 
mation about their activities for 24 hours every 1 0 minutes [1 0]. 
The activities were divided into 167 types, which were classi- 
fied into nine major categories with 50 subcategories. They 
were then reclassified into 65 subcategories and 1 1 categories 
by referring to the categories of the US Environmental Protec- 
tion Agency (EPA) Exposure Factors Handbook for use in the 
exposure assessment to enable international comparisons. 
Residential area, educational level, and income level were also 
reclassified. Population weights were assigned according to 
the reclassified categories of activities to obtain overall statis- 
tics on the entire population and the populations involved in 
each activity. We obtained descriptive statistics on the 65 sub- 
categories of the time spent on activities, including means, 
standard deviations, maximums, and minimums for continu- 
ous variables, and percentages for categorical variables (gen- 
der, age, area, day, educational level, and income level). 

The time spent on activities was described as reference data 
rather than recommended values considering their relative ap- 
plicability. Reference data can be helpful to interpret the mech- 
anism of exposure, but limited to apply directly into calculation 
process. The US EPA also regards these factors as reference lev- 
els. Given the limited space of the study, we present statistics 
only on time spent on the activities in the 1 1 categories. 

Time Spent in Certain Locations 

The subjects were randomly sampled after designing a sam- 
ple proportional to the population of 16 metropolitan cities 
across the nation, stratified by gender and age as of the autumn 
of 2007. Diaries were distributed to participants who volun- 
teered to participate in advance so that they could record their 
time spent in various places every 10 minutes between 6:00 in 
the morning and 6:00 in the morning the next day. They wrote 
down their places of activity and how much time they spent in 
each throughout their 24-hour routine, after which they en- 
tered the records into a web-based survey, which was de- 
signed to avoid repetition and overlapping of answers [1 1 ]. 

The survey took place in the spring (March 21) and summer 
(July 4) of 2007 to reflect seasonal factors. The final number of 
participants was 2073 with 1001 in the spring survey and 1072 
in the summer survey. After excluding the answers of 67 spring 
and 27 summer participants (who had clearly not recorded ac- 
curate information or had not responded to follow-up calls), 
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data from 1 980 respondents were used in the final analysis. 

Locations were classified into the categories of indoor, out- 
door, and transportation. Indoor locations were then further 
subdivided into home and locations outside of the home. Out- 
door locations were subdivided into home, locations outside 
of the home, and movement, as well as various sub-subcate- 
gories for each of these three subcategories. Transportation 
was classified into the subcategories of bus, taxi, subway, pas- 
senger car, truck, high-speed train, and airplane. There were to- 
tal of 48 sub-subcategories of locations (Supplemental Table 1). 

Washing Hands, Washing the Face, Showering, 
Bathing, and Swimming 

The subjects and procedure for evaluating exposure factors 
related to face and hand washing, showering, bathing, and 
swimming were the same as those in evaluating the exposure 
factors related to the time spent in certain locations. Partici- 
pants were asked to record their activities along with the time 
spent in each location in their notebooks. 

The exposure time for high-frequency activities, such as 
hand/face washing and showering, were calculated by daily 
frequency and duration. Bathing was assessed weekly, and 
swimming monthly. The items were designed to have the par- 
ticipants write down the frequency and duration of hand and 
face washing, showering, bathing, and swimming for a given 
period [11]. The frequency of those activities performed for a 
day, week, or month, respectively, was multiplied by the dura- 
tion of each activity to calculate the total time. 

Population and Occupational Mobility 

Population mobility was measured by calculating the aver- 
age period of residency of a sample of 5% of the data from the 
2005 Population and Housing Census [12]. Conducted every 
five years, the census provides information about the overall 
characteristics of the population, such as its size, distribution, 
structure, and housing. The census also provides basic data 
useful for the development of policy plans and offers sampling 
frames for all types of surveys on households. Population mo- 
bility survey had data on 791 188 households and 2 227 960 
people on the 2005 census. The period of residence was a cat- 
egorical rather than a continuous variable. In an effort to offer 
strict criteria for risk assessment, the highest-level category 
was represented by 25 years, which was the maximum value 
within the category and in other categories, the median val- 
ues were used. Because the period of residency was entered 



by household, we assumed that all the members of the same 
household had the same period of residency in order to esti- 
mate the distribution of the period of residency by gender and 
age, and to calculate the factors of population mobility. 

Occupational mobility was based on the 2006 Survey Report 
on Labor Conditions by Employment Type conducted by the 
Ministry of Labor [13]. It surveyed approximately six million 
workers at establishments with five employees or more, ac- 
cording to gender, age, marital status, educational background, 
type of occupation, and years of continuous employment. 
Years of continuous employment refers to the period from the 
time when an individual joined a company to either the time 
the individual left the company, or the date of the survey if he 
or she was still currently working at that company. Years of 
continuous employment included apprenticeships and intern- 
ships, but not suspension from employment. When a person 
was rehired by the same company after a certain period since 
termination or retirement, the individual's previous employ- 
ment was also included in the years of continuous employment. 
The present study used the average years of continuous em- 
ployment reported in the survey. 

REFERENCE AND RECOMMENDED VALUES 

Table 1 shows the time spent on each activity. On average, 
respondents spent the greatest amount of time (mean, 653 
minutes) in personal maintenance activities, followed by job- 
related earning activities (mean, 224 minutes) and communi- 
cation activities. Communication activities included, in descend- 
ing order, watching television, reading a newspaper, and move- 
ment-related activities. 

Table 2 shows the time spent in each of three places: indoors, 
outdoors, and in transportation. Of the respondents, 51.2% 
were male and 48.4% were female, and the largest proportion 
(24.2%) was aged from 35 to 44, while the most common level 
of education was university graduates (56.7%). The general 
characteristics of the respondents are given in Supplemental 
Table 2. 

On average, the respondents spent approximately 1281 
minutes a day indoors, 76.2 minutes outdoors, and 82.8 min- 
utes in a mode of transportation. Women spent an average of 
50.3 more minutes indoors than did men, while men spent an 
average of 1 2.5 more minutes outdoors and 37.7 more minutes 
in transit than their female counterparts did. 

Table 3 shows the time spent washing the hands, washing 
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Table 1. Reference values for time spent in representative activities (min/d) 
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'Participation in civil advocacy group, volunteer works and religious activities. 

individual or inter personal activities for social relationship such as participating in official or non-official ceremonies, seeing movies, plays or museum and visit- 
ing neighbors or relatives. 

individual activities spending time for relax and enjoying. 

'Defined as spending time in communicating with social environment thorough non-living media like newspaper, radio, TV and so on. 



the face, showering, bathing, and swimming. Respondents 
washed their hands a mean of 7.4 times a day; women record- 
ed a mean of 8.6 times and men a mean of 6.2 times. 

Total spending hours in a day were not presented in this pa- 
per but easily calculated by multiplying each value of times/d 
by minutes/event. On a daily basis, respondents spent 9.6 min- 
utes and 16.8 minutes washing their faces and showering, re- 



spectively; in addition, women spent more time than did men 
in washing their faces (10.71 vs. 8.6 minutes) and in showering 
(1 8.3 vs. 1 5.4 minutes). On a weekly basis, respondents spent a 
mean of 23.2 minutes in the shower, and women spent slight- 
ly more time than did men (23.9 vs. 22.5 minutes). Finally, re- 
spondents spent an average of 20.7 minutes swimming on a 
monthly basis, with women spending more time swimming 
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Table 2. Time spent in certain locations including indoors, outdoors, and vehicles (min/d) 
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Table 3. Time spent on specific activities inducing dermal exposure to water including washing hands and face, taking a shower, 
bathing, and swimming 



Activities related to dermal exposure to water 
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Mean (SD) 
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than did men (24.9 vs. 1 6.7 minutes). of 8.8 years of residency (median, 7.5 years). On average, the 

Table 4 presents data on population mobility in the form of period of residency was the shortest in Seoul (mean, 5.3 years) 
the average period of residency. Koreans recorded an average (Supplemental Table 3). The metropolitan cities recorded a 
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Table 4. Average residency period as a factor of population mobility based on gender and age group (y) 
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19 297 503 


8.9 


2.5 


7.5 


15 


25 


25 


Aae 


15-24 


6 762 646 


7.3 


2.5 


2.5 


15 


15 


25 




25-29 


3 671 847 


6.4 


2.5 


2.5 


7.5 


15 


25 




30-34 


4 096 282 


5.1 


2.5 


2.5 


7.5 


15 


25 




35-39 


4 112 785 


5.4 


2.5 


2.5 


7.5 


15 


25 




40-44 


4 123 041 


6.6 


2.5 


2.5 


7.5 


15 


25 




45-49 


3 900 899 


8.1 


2.5 


7.5 


15 


15 


25 




50-54 


2 855 297 


9.8 


2.5 


7.5 


15 


25 


25 




55-59 


2 278 438 


11.6 


2.5 


7.5 


15 


25 


25 




60-64 


1 888 853 


13.4 


2.5 


15 


25 


25 


25 




65-69 


1 680 067 


15.1 


7.5 


15 


25 


25 


25 




>70 


2 685 151 


15.9 


7.5 


15 


25 


25 


25 


Total 




38 055 306 


8.8 


7.5 


15 


25 


25 


25 



Table 5. Average Length of survey in each type of occupation 
in 2006 (y) 



Classification 


n 


Male 
(n=4 644 026) 


Female 
(n=2106170) 


Total 


Managers 


303 605 


10.3 


6.8 


10.0 


Professionals 


712 592 


7.9 


4.5 


6.5 


Technicians and 
associate 
professionals 


987 710 


6.1 


3.6 


5.5 


Clerical support 
workers 


1 881 947 


7.0 


4.3 


5.9 


Service workers 


235 752 


5.0 


3.0 


3.7 


Service and sales 
workers 


150 334 


4.3 


2.6 


3.5 


Skilled agricultural, 
forestry, and fishery 
workers 


10148 


6.2 


3.5 


5.9 


Craft and related 
trades workers 


587 404 


6.2 


4.4 


6.0 


Plant and machine 
operators and 
assemblers 


1 374 968 


6.6 


4.2 


6.1 


Elementary 
occupations 


505 736 


3.9 


3.6 


3.8 


Total 


6 750 196 


6.7 


4.0 


5.8 



Values are presented as arithmetic means. 

shorter period of residency than did other areas. Jeollanam 
Province recorded the longest average period of residency at 
13.1 years (median, 15 years). 

Table 5 presents data on occupational mobility. Korean 
workers reported an average of 5.8 years of continuous em- 
ployment, with male workers (6.7 years) reporting a period 



about 1 .7 times longer than that of their female counterparts 
(4.0 years). With respect to occupation, high-ranking executives 
and managers reported the longest average duration of con- 
tinuous employment at 10.0 years, followed by professionals, 
at an average of 6.5 years. 

CONCLUSION 

This research was conducted using a representative sample 
of national data to provide information about respondents' 
duration of certain activities to develop recommended expo- 
sure factors. The study investigated time spent in places, trans- 
portation, washing the face and hands, showering, bathing, 
and swimming. Furthermore, we examined variations by sea- 
son, gender, region, and age. The results of this study are con- 
sidered reliable because of their representativeness of the na- 
tional population. However, it is possible that the results of the 
Development of Korean Exposure Factors Handbook project 
completed in 2007 does not reflect recent and abrupt changes 
in activity caused by lifestyle changes. This is because the ac- 
tivity data were generated in 2004 or taken from the national 
census data in 2005. Therefore, a review of the relevance of 
the data for future revisions is highly recommended. Although 
the activity assessment has great potential to capture popula- 
tion patterns, the major categories of activities and their cor- 
responding time requirements are selectively provided in this 
document. Furthermore, there are differences between the 
Korean and US EPA classification schemes for activity assess- 
ments in both the exposure handbooks for different social and 
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cultural behaviors. For example, the US EPA Handbook adopt- 
ed the classification of the American Time Use Survey, which 
categorized the self-repair of appliances or automobiles as 
'house maintenance,' while purchasing services for appliances 
or automobiles was categorized as 'purchasing goods or ser- 
vices.' In contrast, the Korean Time Use Survey, reflected in the 
Korean exposure factors handbook, has no category for 'pur- 
chasing goods or services.' However, purchasing activities were 
separately categorized into work, study, household care, and 
leisure activities according to the situation. Furthermore, it 
classified the use of services or the self-repair of an automo- 
bile into the 'household care' category. 

When the results were compared with those in the US EPA 
handbook, Koreans spent more time in taking care of children 
(mean, 24 min/d), individual care (mean, 653 min/d), training 
or education (mean, 28 min/d), and leisure activities (mean, 65 
min/d) than did Americans (mean, 23, 642, 22 and 43 min/d, 
respectively) [14]. On the other hand, they spent less time on 
home management, product and service purchasing, and 
communication. Koreans spent slightly more time (mean, 
21.35 hours) indoors than did Americans (mean, 21.0 hours), 
and they also spent a little more time on modes of transporta- 
tion (mean, 82.8 minutes) than Americans (mean, 78 minutes). 
Koreans also spent 1 3.766 hours at home, which was less than 
the 16.4 hours among Americans and the 15.8 hours among 
Japanese. 

Koreans washed their hands an average 7.4 times a day, 
which was a small increase from the 6.4 times in previous 
study [1 5]. The frequency of taking a shower per day among 
Koreans was the same as the reference level in the US EPA 
handbook, but they spent more time per shower than did 
Americans. Furthermore, Americans swam for longer than did 
Koreans (0.4 hours per month). The Japanese Exposure Factors 
Handbook reports only the time duration for activities. The 
Japanese spent considerably less time showering and bathing 
than did Koreans. Although it was not included in the table, 
those who swam accounted for about 7% of the entire sam- 
ple. They spent 292.2 minutes of swimming at a time, and this 
was longer than the 268.5 minutes reported by Japanese peo- 
ple [16]. With respect to population mobility, the average peri- 
od of residency among Koreans was 8.8 years, which was 
about twice the 4.6 years reported by Americans. With regard 
to occupational mobility, the average years of continuous em- 
ployment among Koreans was 5.8 years, which was 0.8 years 
less than the American average of 6.6 years. In particular, Ko- 



rean women reported an average of 4.0 years of continuous 
employment, which was shorter by about 1.4 years than the 
American average of 5.4 years. 
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Supplemental Table 1 . Daily time spent in vehicles based on 
the type of transportation (min) 



Bus 


Female 


01 c 
Z I .□ 


U 


1 on 
IZU 




Male 


18.3 


0 


1 1 0 




lotal 


19.9 


0 


120 


Taxi 


Female 


1 A 

I .4 


n 
U 


1 n 
III 




Male 


3.1 


0 


20 




lotal 


2.2 


0 


20 


Subway 


Female 


0 0 
0.0 


U 


III 




Male 


16.9 


0 


110 




lotal 


1 n 
I J 


0 


nn 

9U 


bar 


Female 


on 7 
oU./ 


n 
U 


I bU 




Male 


CO A 

bo. 4 


on 


01 n 

zw 




lotal 


44.8 


0 


180 


Truck 


Female 


1 


n 
U 


n 
U 




Male 


3.6 


0 


0 




lotal 


2.3 


0 


0 


Train 


Female 


0.1 


0 


0 




Male 


0.6 


0 


0 




Total 


0.4 


0 


0 


Airplane 


Female 


0 


0 


0 




Male 


0.4 


0 


0 




Total 


0.2 


0 


0 


Total 


Female 


63.5 


50 


180 




Male 


101.2 


90 


270 




Total 


82.8 


70 


230 



Supplemental Table 2. Baseline characteristics of partici- 
pants in the survey of time spent in certain locations 



Participants 



bex 


Male 


1 m o. /m o\ 

iu id (D i yj 




Female 


nC7 l A 0 0\ 

yb/ (4o.o) 


Age group 


18-24 


o~7n /io p\ 

z/U (1 J.b) 




OC 0/1 

zb-34 


A CC /TO CI 

4bb (zJ.b) 




OC A A 

3b-44 


a on in a o\ 
4oU (Z4.Z) 




A C 

4b-b4 


4ob (ZZ) 




55-64 


nnc / 1 A A\ 

zo5 (14.4) 




£bb 


A A /O 0\ 

44 (Z.Z) 


Region 


Metropolitan area 


nco IAQA\ 
ybo (4o.4| 




Provinces 


1 noo /ci el 
I UZZ (b I .□) 


Family income 


1 nnn 
< I UUU 


OOO /1 A C\ 

Zoo ( 1 4.b) 




1000-2000 


318(16.1) 




2000-3000 


447 (22.6) 




>3000 


927 (46.8) 


Education level 


Middle school or less 


74 (3.7) 




High school 


588 (29.7) 




College (2- to 4-year) 


1116(56.4) 




More than college 


202(10.2) 


Total 




1980(100.0) 



Values are presented as number (%). 

'Thousands of Korean won (1000 won is approximately 1.00 US dollar). 



Supplemental Table 3. Average residence period as a factor 
of population mobility based on gender and region (y) 



Region 


Mean 


25th 


50th 


75th 


90th 


95th 


Seoul 


5.3 


2.5 


2.5 


7.5 


15 


15 


Busan 


7.1 


2.5 


2.5 


15 


15 


25 


Daegu 


6.5 


2.5 


2.5 


7.5 


15 


25 


Incheon 


6.2 


2.5 


2.5 


7.5 


15 


25 


Gwangju 


6.8 


2.5 


2.5 


7.5 


15 


25 


Daejeon 


5.9 


2.5 


2.5 


7.5 


15 


25 


Ulsan 


6.8 


2.5 


2.5 


15 


15 


25 


Gyeonggi-do 


5.4 


2.5 


2.5 


7.5 


15 


25 


Gangwon-do 


9.2 


2.5 


7.5 


15 


25 


25 


Chungcheongbuk-do 


9.7 


2.5 


7.5 


25 


25 


25 


Chungcheongnam-do 


10.6 


2.5 


7.5 


25 


25 


25 


Jeollabuk-do 


11.5 


2.5 


15 


25 


25 


25 


Jeollanam-do 


13.1 


7.5 


15 


25 


25 


25 


Gyeongsangbuk-do 


11.2 


2.5 


15 


25 


25 


25 


Gyeongsangnam-do 


9.8 


2.5 


7.5 


25 


25 


25 


Jeju-do 


8.9 


2.5 


7.5 


15 


25 


25 


Total 


8.8 


2.5 


7.5 


15 


25 


25 



Type of transportation Mean 50th 95th Characteristics 
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